In the molecules of the title compounds, methyl 5-bromo-2-[(2-chloroquinolin-3-yl)methoxy]benzoate, C 18 H 13 BrClNO 3 , (I), methyl 5-bromo-2-[(2-chloro-6-methylquinolin-3-yl)methoxy]benzoate, C 19 H 15 BrClNO 3 , (II), methyl 2-[(2-chloro-6-methylquinolin-3-yl)methoxy]benzoate, C 19 H 16 ClNO 3 , (III), which crystallizes with Z 0 = 4 in space group P2 1 2 1 2 1 , and 2-chloro-3-[(naphthalen-1-yloxy)methyl]quinoline, C 20 H 14 ClNO, (IV), the non-H atoms are nearly coplanar, but in {5-[(2-chloroquinolin-3-yl)methoxy]-4-(hydroxymethyl)-6-methylpyridin-3-yl}methanol, C 18 H 17 ClN 2 O 3 , (V), the planes of the quinoline unit and of the unfused pyridine ring are almost parallel, although not coplanar. The molecules of (I) are linked by two independent -stacking interactions to form chains, but there are no hydrogen bonds present in the structure. In (II), the molecules are weakly linked into chains by a single type of -stacking interaction. In (III), three of the four independent molecules are linked bystacking interactions but the other molecule does not participate in such interactions. Weak C-HÁ Á ÁO hydrogen bonds link the molecules into three types of chains, two of which contain just one type of independent molecule while the third type of chain contains two types of molecule. The molecules of (IV) are linked into chains by a C-HÁ Á Á(arene) hydrogen bond, butstacking interactions are absent. In (V), there is an intramolecular O-HÁ Á ÁO hydrogen bond, and molecules are linked into sheets by a combination of O-HÁ Á ÁN hydrogen bonds and -stacking interactions.
Chemical context
The quinoline nucleus occurs in a number of natural compounds, such as the Cinchona alkaloids, and many of these are pharmacologically active substances displaying a broad range of biological activity. Quinoline itself has been found to possess antimalarial, anti-bacterial, antifungal, anthelminthic, cardiotonic, anticonvulsant, anti-inflammatory and analgesic activity (Marella et al., 2013) . The synthesis, reactions and biological applications of 2-chloroquinoline-3-carbaldehydes have been reviewed (Abdel-Wahab et al., 2012) , and the structure of a simple reduction product (2-chloroquinolin-3-yl)methanol, derived from the parent 2-chloroquinoline-3-carbaldehyde, has been reported (Hathwar et al., 2010) . The structures of two related esters, [(2-chloroquinolin-3-yl) methyl acetate and (2-chloro-6-methylquinolin-3-yl)methyl acetate], have also been reported recently along with a study of their radical-scavenging and antimicrobial activities (Tabassum et al., 2014) . Here we report the structures of five related ethers, namely methyl 5-bromo-2-[(2-chloroquinolin-3-yl)methoxy]benzoate, (I) (Fig. 1) , methyl 5-bromo-2-[(2-chloro-6-methylquinolin-3-yl)methoxy]benzoate, (II) (Fig. 2) , methyl 2-[(2-chloro-6-methylquinolin-3-yl)methoxy]benzoate, (III) , 2-chloro-3-[(naphthalen-1-yloxy)methyl]-quinoline (IV) (Fig. 7 ) and {5-[(2-chloroquinolin-3-yl)methoxy]-4-(hydroxymethyl)-6-methylpyridin-3-yl}methanol, (V) (Fig. 8) . Compounds (I)-(V) are all of general type QCH 2 OR, where Q represents a 2-chloroquinolin-3-yl unit, which carries a 6-methyl substituent in compounds (II) and (III), although not in compounds (I), (IV) and (V), and where R represents a methoxycarbonylphenyl unit in compounds (I)-(III), a 1-naphthyl unit in compound (IV), and a multiply-substituted pyridyl unit in compound (V). Compound (I)-(V) were all prepared by reaction of the corresponding chloromethyl compounds QCH 2 Cl with the appropriate hydroxy compound ROH under basic conditions, with yields ranging from 86 to 97%.
Structural commentary
As noted above, the molecular constitutions of compounds (I)-(III) are very similar: those of compounds (I) and (II) differ only in the presence of a 6-methyl substituent in (II) which is absent from (I), while those of compounds (II) and (III) differ only in the presence of a bromo substituent in (II) which is absent from (III). Despite these close similarities, compounds (I)-(III) all crystallize in different space groups, P2 1 /n and Pbca, respectively, for (I) and (II), both with Z 0 = 1, and P2 1 2 1 2 1 with Z 0 = 4 for (III) The molecular structure of compound (I) showing the atom-labelling scheme. Displacement ellipsoids are drawn at the 30% probability level.
Figure 2
The molecular structure of compound (II) showing the atom-labelling scheme. Displacement ellipsoids are drawn at the 30% probability level.
Figure 3
The structure of a type 1 molecule of compound (III) , showing the atomlabelling scheme. Displacement ellipsoids are drawn at the 30% probability level.
tional crystallographic symmetry in compound (III) found none: comparison of the atomic coordinates for the Cl atoms within the selected asymmetric unit shows that while the x-coordinates of atoms Cl12 and Cl32 differ by ca 0.5 and their z-coordinates are almost identical, the y-coordinates of these two atoms differ by ca 0.13; similarly the x-coordinates of atoms Cl22 and Cl42 again differ by ca 0.5 but now the y-coordinates are almost identical, while the z-coordinates differ by ca 0.18. Hence it is not possible to identify even pseudosymmetry here. For compound (III), it will be convenient to refer to the molecules containing atoms N11-N14 as molecules of types 1-4, respectively. Compounds (IV) and (V) both crystallize with Z 0 = 1, in space groups P2 1 and P2 1 /c, respectively.
In compounds (I)-(III), the non-H atoms are almost coplanar, as shown by the relevant torsional and dihedral angles (Table 1) . It is interesting to note that the orientation of the The structure of a type 2 molecule of compound (III) , showing the atomlabelling scheme. Displacement ellipsoids are drawn at the 30% probability level.
Figure 5
The structure of a type 3 molecule of compound (III) , showing the atomlabelling scheme. Displacement ellipsoids are drawn at the 30% probability level.
Figure 6
The structure of a type 4 molecule of compound (III) , showing the atomlabelling scheme. Displacement ellipsoids are drawn at the 30% probability level.
Figure 7
The molecular structure of compound (IV) showing the atom-labelling scheme. Displacement ellipsoids are drawn at the 30% probability level.
Figure 8
The molecular structure of compound (V) showing the atom-labelling scheme. Displacement ellipsoids are drawn at the 30% probability level.
ester function in compound (I) differs from that in compounds (II) and (III) ( Table 1 and Figs. 1-6): this difference may arise, at least in part, from the participation of the carbonyl O atom of the ester unit in short C-HÁ Á ÁO interactions in all of the molecules of compounds (II) and (III) but not in compound (I) ( Table 2) . The non-H atoms in compound (IV) are also nearly coplanar, with a dihedral angle between the mean planes of the quinoline and naphthalene units of 7.39 (12) . By contrast, while the quinoline and pyridine units in compound (V) are nearly parallel (Fig. 8) , with a dihedral angle between their mean planes of only 3.10 (9)
, they are by no means coplanar, as indicated by the values of the torsional angles C2-C3-C37-O31, 92.08 (18), C3-C37-O31-C33, 165.21 (13) and C37-O31-C33-C32, À90.17 (17) . This again may perhaps be ascribed in part to the strong hydrogen bonds present in the crystal structure of (V) ( Table 2) .
None of the molecules of compounds (I)-(V) exhibits any internal symmetry and hence all are conformationally chiral. For compounds (I), (II) and (V), the centrosymmetric space groups accommodate equal numbers of the two conformational enantiomers, but only one such enantiomer is present in each crystal of compound (IV): the absolute configuration of the enantiomer present in the crystal selected for data collection was established by means of the Flack x parameter (Flack, 1983) , although this has no chemical significance. For compound (III), the value of the Flack x parameter gives evidence of partial inversion twinning.
Supramolecular interactions
The supramolecular assembly in compounds (I)-(V) is determined by a variety of direction-specific intermolecular interactions, including both -stacking interactions and hydrogen bonds of C-HÁ Á ÁN, C-HÁ Á ÁO and C-HÁ Á Á types, as well as O-HÁ Á ÁN hydrogen bonds in compound (V) only. In compound (III), there are two fairly short intermolecular C-HÁ Á ÁN contacts involving C-H bonds from methyl groups bonded to the quinoline nucleus: not only are such bonds of low acidity, but these methyl groups are likely to be undergoing very rapid rotation about the adjacent C-C bonds Table 2 Hydrogen bonds and short intermolecular contacts (Å , ) for compounds (II)-(V).
Cg1, Cg2 and Cg3 are the centroids of rings C231-C236, C331-C336 and C31-C34,C34A,C38A, respectively. (Riddell & Rogerson, 1996 , 1997 . When a group having local C 3 symmetry, such as a methyl group, is directly bonded to a group having approximate local C 2 symmetry, such as an aryl ring, the rotational barrier between these two groups is extremely low, of the order of J mol À1 rather than the usual kJ mol À1 (Naylor & Wilson, 1957; Tannenbaum et al., 1956) . Accordingly, these contacts in (III) are not regarded as having any structural significance. Likewise, the C-HÁ Á ÁO contact in (V) involving the methyl group bonded to the unfused pyridine ring is not regarded as significant.
There are no hydrogen bonds of any kind in the crystal structure of compound (I), but molecules are linked into chains by -stacking interactions. The fused aryl ring of the molecule at (x, y, z) and the brominated ring of the molecule at (Àx + 1, Ày + 1, Àz + 1) make a dihedral angle of 1.04
; the ring centroid separation is 3.6168 (10) Å , and the shortest perpendicular distance from the centroid of one ring to the plane of the other is 3.4132 (6) Å , with a ring-centroid offset of ca 1.20 Å . For the heterocyclic ring at (x, y, z) and the brominated aryl ring at (Àx, 1 À y, 1 À z), the corresponding values are 1.52 (9) , 3.7454 (11) Å , 3.4357 (8) Å and ca 1.49 Å . The combination of these two stacking interactions links the molecules of (I) into a chain running parallel to the [100] direction (Fig. 9) . Two chains of this type pass through each unit cell but there are no direction-specific interactions between adjacent chains.
The only short C-HÁ Á ÁO contact in the structure of compound (II) has a C-HÁ Á ÁO angle of only 136 (Table 2) , and so it is unlikely to be of major structural significance (Wood et al., 2009) . However, there is a weak -stacking interaction between molecules related by a 2 1 screw axis. The pyridyl ring at (x, y, z) and the brominated aryl ring at (Àx + 1 2 , y + 1 2 , z) make a dihedral angle of 3. 87 (10) : the shortest perpendicular distance from the centroid of one ring to the plane of the other is 3.3816 (9) Å , but the ring-centroid separation is 3.882 (12), resulting in a ring-centroid offset of ca 1.78 Å . Thus there is only a very modest overlap of these rings and a consequently weak stacking interaction: if this interaction is, in fact, regarded as significant, it links the molecules into a -stacked chain running parallel to [010] .
Within the selected asymmetric unit for compound (III), three of the four independent molecules, those of types 2, 3 and 4 (cf. , are linked by two -stacking interactions, but the type 1 molecule does not participate in any such interaction. One of these stacking interactions involves the pyridyl ring of the type 2 molecule and the fused aryl ring of the type 3 molecule, while the other involves the pyridyl ring of the type 3 molecule and the fused aryl ring of the type 4 molecule. The dihedral angles between the ring planes within these two interactions are 3.11 (18) and 0.96 (7) , respectively, the ring-centroid separations are 3.553 (2) Å and 3.544 (2) Å , and the shortest perpendicular distances from the centroid of one ring in each interaction to the plane of the other ring are 3.4014 (15) and 3.3820 (15) Å , corresponding to ring-centroid offsets of ca 1.03 and ca 1.06 Å , respectively. The only short C-HÁ Á ÁN contact within the crystal structure of compound (III) has an HÁ Á ÁN distance which is not significantly less than the sum of the van der Waals radii, but there are four independent C-HÁ Á ÁO hydrogen bonds present in the structure although all are probably weak as they have quite small C-HÁ Á ÁO angles (Table 2) . However, the pattern of these contacts is of interest as it precludes the possibility of any additional crystallographic symmetry in this structure where Z 0 = 4. One of the C-HÁ Á ÁO interactions involves only molecules of type 1 which are related by the 2 1 screw axis along (0, y, 1 4 ), forming a C(6) (Bernstein et al., 1995) running parallel to the [010] direction (Fig. 10) ; an entirely similar chain is formed by type 3 molecules related to one another by the 2 1 screw axis along ( (Fig. 11) , which runs antiparallel to the chains formed by the molecules of types 1 and 3. Hence the patterns of supramolecular assembly in compounds (I)-(III), as well as their crystallization characteristics, show significant differences.
There are no hydrogen bonds of the C-HÁ Á ÁN or C-HÁ Á ÁO types in the crystal structure of compound (IV) and, despite the large number of independent aromatic rings, there are no -stacking interactions. The only direction-specific intermolecular interaction is a weak C-HÁ Á Á(arene) contact involving molecules related by translation.
The supramolecular assembly in compound (V) is, however, rather more elaborate, resulting in part from the presence of additional hydrogen-bond donors and acceptors in the unfused pyridine unit. An intramolecular O-HÁ Á ÁO hydrogen bond (Table 2) gives rise to an S(7) (Bernstein et al., 1995) motif, and an intermolecular O-HÁ Á ÁN hydrogen bond links molecules related by the n-glide plane at y = 3 4 , forming a C(7) chain running parallel to the [101] direction (Fig. 12) . In addition, inversion-related pairs of molecules are linked bystacking interactions involving the unfused pyridine ring of one molecule and the quinoline unit of the other (Fig. 13) . Thus the unfused pyridine ring of the molecule at (x, y, z) and the fused pyridine ring of the molecule at (1 À x, 1 À y, 1 À z) make a dihedral angle of 4.43 (8) : the ring-centroid separation is 3.7499 (9) Å and the shortest perpendicular distance from the centroid of one ring to the plane of the other is 3.5077 (7) Å , corresponding to a ring-centroid offset of ca 1.33 Å . For the unfused pyridyl ring at (x, y, z) and the fused aryl ring at (Àx + 1, Ày + 1, Àz + 1) the corresponding values are 1.73 (8) , 3.7333 (10) Å , 3.4637 (8) Å and ca 1.39 Å , respectively. The effect of the hydrogen-bonded chains is to link the -stacked dimer centered at ( 
Database survey
The structures of a number of fairly simple 2-chloroquinolione derivatives related to compounds (I)-(V) have been reported in recent years. A structural study of a closely related group of six simply substituted 2-chloroquinolines (Hathwar et al., 2010) focused on supramolecular aggregation via C-HÁ Á ÁCl hydrogen bonds and attractive ClÁ Á ÁCl interactions. However, it must be pointed out firstly that it is now well established (Brammer et al., 2001; Thallapally & Nangia, 2001 ) that Cl atoms bonded to C atoms are extremely poor acceptors of hydrogen bonds, even from strong donors such as O-H or N-H; and secondly, that for none of the compounds in this group were the shortest intermolecular ClÁ Á ÁCl distances less than the sum of the van der Waals radii (Bondi, 1964; Nyburg & Faerman, 1985; Rowland & Taylor, 1996) : indeed, the concept of the van der Waals radius was nowhere mentioned by the original authors. Two of the six compounds in this group contained 3-hydroxymethyl substituents and, in each of these, the molecules are linked into C(6) chains by means of O-HÁ Á ÁN hydrogen bonds.
Molecules of 2-[(2-chloroquinolin-3-yl)(hydroxy)methyl]-acrylonitrile (Anuradha et al., 2013a) are also linked into C(6) chains by O-HÁ Á ÁN hydrogen bonds, while in the closely related methyl 2-[(2-chloroquinolin-3-yl)(hydroxy)methyl]-acrylate, where Z 0 = 2 (Anuradha et al., 2013b) , molecules of one type are linked by O-HÁ Á ÁO hydrogen bonds, again forming C(6) chains to which the molecules of the second type are linked by O-HÁ Á ÁN hydrogen bonds. Chains of C(6) type are formed also in N-{(2-chloro-3-quinlinyl)methyl]-4-fluoroaniline (Jasinski et al., 2010) , which is closely related to compounds (I)-(V) except that an amino linkage replaces the ether linkage in (I)-(V), so that the chains are built from N-HÁ Á ÁN hydrogen bonds.
In the esters (2-choloroquinolin-3-yl)methyl acetate and (2-chloro-6-methylquinolin-3-yl)methyl acetate (Tabassum et al., 2014) , there are no strong hydrogen bond donors: in the methylated compound, where Z 0 = 2, the only hydrogen bond, of C-HÁ Á ÁO type, links the two independent molecules, while in the unmethylated compound, the molecules are linked into C(5) chains by C-HÁ Á ÁN hydrogen bonds. In the structure of 2-chloro-3-(dimethoxymethyl)-6-methoxyquinoline (Chandrika et al., 2015) , there are no hydrogen bonds of any kind.
Synthesis and crystallization
For the synthesis of compounds (I)-(V), a mixture of 0.4 mmol of the appropriate quinoline derivative, 2-chloro-3-(chloromethyl)quinoline for compounds (I), (IV) and (V) or 2-chloro-3-(chloromethyl)-5-methylquinoline for compounds (II) and (III) and 0.4 mmol of the appropriate hydroxy compound, methyl 5-bromo-2-hydroxybenzoate for (I) and (II), methyl 2-hydroxybenzoate for (III), 1-hydroxynaphthalene for (IV), or 3-hydroxy-4,5-bis(hydroxymethyl)-2-methylpyridinium chloride for (V), were dissolved in N,Ndimethylformamide (3-5 ml) together with potassium carbonate (2 mmol) and these mixtures were stirred at ambient temperature for 6-9 h, with monitoring by TLC. When each reaction was complete, ice-cold water (5 ml) was added and the resulting solid products were collected by filtration, washed with water and dried in air. Crystals suitable for singlecrystal X-ray diffraction were obtained by slow evaporation, at ambient temperature and in the presence of air, of solutions in dichloromethane, with yields in the range 86-97%.
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 3 . All H atoms were located in difference Fourier maps. C-bound H atoms were then treated as riding atoms in geometrically idealized positions: C-H distances 0.95-0.99 Å with U iso (H) = 1.5U eq (C) for the methyl groups, which were permitted to rotate but not to tilt, and 1.2U eq (C) for other C-bound H atoms.
The H atoms bonded to O atoms in compound (V) were permitted to ride at the positions located in the difference Fourier map, with U iso (H) = 1.5U eq (O), giving O-H distances of 0.91 Å . For compound (III), the Flack x parameter (Flack, A stereoview of part of the crystal structure of compound (V) showing the formation of a -stacked sheet of hydrogen bonded chains lying parallel to (101). For the sake of clarity, H atoms bonded to C atoms have been omitted. research communications (Sheldrick, 2015) gave a value for the twin fraction of 0.152 (16). For compound (IV), the absolute configuration of the conformational enantiomer present in the crystal selected for data collection was established by means of the Flack x parameter calculated as x = À0.007 (18) by the standard method (Flack, 1983) and as x = 0.06 (2) For all compounds, data collection: CrysAlis PRO (Agilent, 2012 ); cell refinement: CrysAlis PRO (Agilent, 2012) ; data reduction: CrysAlis RED (Agilent, 2012 ); program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL2014 (Sheldrick, 2015) ; molecular graphics: PLATON (Spek, 2009) ; software used to prepare material for publication: SHELXL2014 (Sheldrick, 2015) and PLATON (Spek, 2009 ).
(I) Methyl 5-bromo-2-[(2-chloroquinolin-3-yl)methoxy]benzoate
Crystal data Extinction correction: SHELXL2014 (Sheldrick, 2015) 
(III) Methyl 2-[(2-chloro-6-methylquinolin-3-yl)methoxy]benzoate
